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MOISTURE BLOCKING STRUCTURE
AND/OR A GUARD RING, A
SEMICONDUCTOR DEVICE INCLUDING
THE SAME, AND A METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2014-0180910, filed on
Dec. 16, 2014, 1in the Korean Intellectual Property Ofiice
(KIPO), the disclosure of which 1s incorporated by reference
herein 1n 1ts entirety.

TECHNICAL FIELD

The present inventive concept relates to a moisture block-
ing structure and/or a guard ring, a semiconductor device
including the same, and a method of manufacturing the
same.

DISCUSSION OF THE RELATED ART

In a sealing region around a chip region, a moisture
blocking structure 1s provided to protect a chip from mois-
ture and/or cracks that are generated during a water dicing
process. A guard ring may be formed 1n the sealing region
to ground the chip. A fin field effect transistor (IInFET) may
be formed 1n the chip region. When a chemical mechanical
polishing (CMP) process 1s performed to form an active fin
of the finFET, dishing may occur. Thus, an insulation layer
may have a height difference between the chip region and
the sealing region.

SUMMARY

According to an exemplary embodiment of the present
inventive concept, a moisture blocking structure includes an
active fin disposed on a sealing region of a substrate, the
substrate 1ncluding a chip region and the sealing region
surrounding a periphery of the chip region, the active fin
continuously surrounding the chip region and having a
winding line shape 1n a plan view, a gate structure covering
the active fin and surrounding the periphery of the chip
region, and a conductive structure disposed on the gate
structure, the conductive structure surrounding the periphery
of the chip region.

In an exemplary embodiment of the present inventive
concept, a moisture blocking structure further includes a
plurality of active fins, wherein the gate structure covers two
neighboring active fins of the plurality of active fins.

In an exemplary embodiment of the present inventive
concept, the two neighboring active fins are substantially
parallel to each other.

In an exemplary embodiment of the present inventive
concept, the conductive structure includes a contact plug
disposed on the gate structure, the contact plug surrounding
the periphery of the chip region, and a via disposed on the
contact plug, the via surrounding the periphery of the chip
region.

In an exemplary embodiment of the present inventive
concept, the moisture blocking structure further includes a
plurality of active fins, a plurality of gate structures, and a
plurality of conductive structures, and a metal plate disposed
on the plurality of conductive structures.
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In an exemplary embodiment of the present inventive
concept, the moisture blocking structure further includes a
blocking layer pattern disposed between the gate structure
and the conductive structure, the blocking layer pattern
including an insulating material.

In an exemplary embodiment of the present mventive
concept, the gate structure includes a gate insulation layer
pattern and a gate electrode sequentially stacked on the
active fin.

In an exemplary embodiment of the present mventive
concept, the gate msulation layer pattern includes a high-k
dielectric matenial, and the gate electrode includes a metal.

In an exemplary embodiment of the present inventive
concept, the active fin includes a plurality of first portions
cach extending 1n a first direction substantially parallel to a
top surface of the substrate, and a plurality of second
portions each extending 1n a second direction substantially
parallel to the top surface of the substrate and substantially
perpendicular to the first direction, wherein each end of each
first portion of the plurality of first portions 1s connected to
an end of a corresponding second portion of the plurality of
second portions.

In an exemplary embodiment of the present mmventive
concept, the active fin has a wave shape.

According to an exemplary embodiment of the present
inventive concept, a guard ring includes an active fin dis-
posed on a sealing region of a substrate, the substrate
including a chip region and the sealing region surrounding
an outside edge of the chip region, and the active fin
continuously surrounding the outside edge of the chip region
and having a winding line shape in a plan view, and a
conductive structure disposed on the active fin, the conduc-
tive structure surrounding the chip region.

In an exemplary embodiment of the present mventive
concept, a guard ring further includes a plurality of active
fins, wherein the conductive structure covers two neighbor-
ing active fins of the plurality of active fins.

In an exemplary embodiment of the present mmventive
concept, the neighboring two active fins are substantially
parallel to each other.

In an exemplary embodiment of the present inventive
concept, the conductive structure includes a contact plug
disposed on the active fin, the contact plug surrounding the
outside edge of the chip region, and a via disposed on the
contact plug, the via surrounding the outside edge of chip
region.

In an exemplary embodiment of the present mventive
concept, a guard ring further includes a plurality of active
fins, and a plurality of conductive structures, and a metal
plate disposed on the plurality of conductive structures.

In an exemplary embodiment of the present mventive
concept, the guard ring further includes a source/drain layer
and a metal silicide pattern disposed between the active fin
and the conductive structure.

In an exemplary embodiment of the present inventive
concept, the source/drain drain layer 1s an epitaxial layer
doped with impurities.

In an exemplary embodiment of the present inventive
concept, the source/drain layer includes silicon-germanium
or silicon carbide.

In an exemplary embodiment of the present mventive
concept, the active fin includes a plurality of first portions
cach extending 1n a first direction substantially parallel to a
top surface of the substrate, and a plurality of second
portions each extending 1n a second direction substantially
parallel to the top surface of the substrate and substantially
perpendicular to the first direction, wherein each end of each
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first portion of the plurality of first portions 1s connected to
an end of a corresponding second portion of the plurality of
second portions.

In an exemplary embodiment of the present inventive
concept, the active fin has a wave shape.

According to an exemplary embodiment of the present
inventive concept, a semiconductor device includes a sub-
strate 1ncluding a first region, a second region and a third
region, the second region disposed around a perimeter of the
first region, and the third region disposed around a perimeter
of the second region, a first active fin disposed on the first
region of the substrate, a first guard ring 1including a second
active fin disposed on the second region of the substrate, the
second active fin continuously surrounding the perimeter of
the first region and shaped as a winding line 1n a plan view,
and a first conductive structure disposed on the second
active fin, the first conductive structure surrounding the
perimeter of the first region, and a moisture blocking struc-
ture including a third active fin disposed on the third region
of the substrate, the third active fin continuously surround-
ing the perimeter of the second region and shaped as a
winding line in a plan view, a first gate structure covering the
third active fin and surrounding the perimeter of the second
region, and a second conductive structure disposed on the
second gate structure, the second conductive structure sur-
rounding the perimeter of second region.

In an exemplary embodiment of the present inventive
concept, a sesmiconductor device further includes a plurality
of second active fins and a plurality of third active fins,
wherein the first conductive structure covers two neighbor-
ing second active fins of the plurality of second active fins,
and the second conductive structure covers two neighboring
third active fins of the plurality of third active fins.

In an exemplary embodiment of the present inventive
concept, the two neighboring second active fins are substan-
tially parallel to each other.

In an exemplary embodiment of the present inventive
concept, the first conductive structure includes a first contact
plug disposed on the second active fin, the first contact plug,
surrounding the perimeter of the first region, and a first via
disposed on the first contact plug, the first via surrounding
the perimeter of the first region, and wherein the second
conductive structure includes a second contact plug disposed
on the first gate structure, the second contact plug surround-
ing the perimeter of the second region, and a second via on
the second contact plug, the second via continuously sur-
rounding the second region.

In an exemplary embodiment of the present inventive
concept, the first and second contact plugs include substan-
tially the same material, and a top surface portion of the first
contact plug i1s substantially coplanar with a top surface
portion of the second contact plug, and wherein the first and
second vias 1clude substantially the same material.

In an exemplary embodiment of the present inventive
concept, a sesmiconductor device further includes a plurality
of first active fins, a plurality of second active fins, a
plurality of third active fins, a plurality of first conductive
structures, a plurality of second conductive structures, and a
plurality of second gate structures, and a metal plate dis-
posed on the plurality of first conductive structures and the
plurality of second conductive structures.

In an exemplary embodiment of the present inventive
concept, a semiconductor device further includes a source/
drain layer and a metal silicide pattern disposed between the
second active fin and the first conductive structure.

In an exemplary embodiment of the present inventive
concept, a semiconductor device further includes a blocking
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layer pattern disposed between the second gate structure and
the second conductive structure the blocking layer pattern
including an insulating material.

In an exemplary embodiment of the present inventive
concept, the second gate structure includes a second gate
insulation layer pattern and a second gate electrode sequen-
tially stacked on the third active fin.

In an exemplary embodiment of the present mventive
concept, wheremn the first active fin extends in a first
direction substantially parallel to a top surface of the sub-
strate, wherein the second active fin includes a plurality of
first portions each extending in the first direction, and a
plurality of second portions each extending in a second
direction substantially parallel to the top surface of the
substrate and substantially perpendicular to the first direc-
tion, wherein each end of each first portion of the plurality
of first portions 1s connected to an end of a corresponding
second portion of the plurality of second portions.

In an exemplary embodiment of the present mventive
concept, the third active fin includes, a plurality of third
portions each extending in the first direction, and a plurality
of fourth portions each extending in the second direction,
wherein each end of each third portion of the plurality of
third portions 1s connected to an end of a corresponding
fourth portion of the plurality of fourth portions.

In an exemplary embodiment of the present inventive
concept, the semiconductor device further includes a first
gate structure including a first gate insulation layer pattern
and a first gate electrode sequentially stacked on the first
active fin.

In an exemplary embodiment of the present mventive
concept, the first and second gate structures include sub-
stantially the same material.

In an exemplary embodiment of the present mventive
concept, each of the second and third active fins has a wave
shape.

In an exemplary embodiment of the present mventive
concept, a semiconductor device further includes a fourth
active fin disposed on the third region of the substrate, the
fourth active fin surrounding the perimeter of the second
region and having a winding line shape in a plan view, and
a second guard ring including the fourth active fin, and a
third conductive structure disposed on the fourth active fin,
the third conductive structure surrounding the perimeter of
the second region.

In an exemplary embodiment of the present mventive
concept, the first region 1s a chip region 1n which a semi-
conductor chip 1s formed, and each of the second and third
regions 1s a sealing region.

According to an exemplary embodiment of the present
inventive concept, a method of manufacturing a semicon-
ductor device includes forming an 1solation layer pattern on
a substrate to define a field region, and forming first, second
and third active fins protruding from the isolation layer
pattern, the substrate including a first region, a second region
surrounding a periphery of the first region, and a third region
surrounding a periphery of the second region, a top surface
of the field region being covered by the 1solation layer
pattern, top surfaces of the first, second and third active fins
not being covered by the isolation layer pattern, the first
active fin being 1n the first region, the second active {in being
in the second region, and the third active fin being 1n the
third region, wherein the second active fin continuously
surrounds the periphery of the first region and having a
winding line shape 1n a plan view, and the third active fin
continuously surrounds the periphery of the second region
and having a winding line shape in a plan view, forming a
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first gate structure to cover the third active fin and to
continuously surround the second region, and forming a first
conductive structure on the second active fin to surround the
periphery of the first region, and forming a second conduc-
tive structure on the first gate structure to surround the
periphery of the second region.

In an exemplary embodiment of the present inventive
concept, forming the first, second, and third active fins
includes, forming a first mask on the first region, forming a
second mask on the second region, and forming a third mask
on the third region, etching the substrate using the first mask
to form a first trench on the first region, etching the substrate
using the second mask to form a second trench on the second
region, and etching the substrate using the third mask to
form a third trench on the third region, forming an 1solation
layer on the substrate to fill the first, second, and third
trenches, performing a chemical mechanical polishing
(CMP) process on the 1solation layer to expose a top surface
of the substrate and to planarize the 1solation layer, and
removing an upper portion of the isolation layer.

In an exemplary embodiment of the present inventive
concept, forming the first, second, and third masks 1includes,
forming a mask layer on the substrate, forming a {first
sacrificial layer pattern on the mask layer in the first region,
forming a second sacrificial layer pattern on the mask layer
in the second region, and forming a third sacrificial layer
pattern on the mask layer in the third region, the second
sacrificial layer pattern continuously surrounding the periph-
ery of the first region and having a winding line shape, and
the third sacrificial layer pattern continuously surrounding
the periphery of the second region and having a winding line
shape, forming first spacers on sidewalls of the first sacri-
ficial layer pattern, forming second spacers on sidewalls of
the second sacrificial layer pattern, and forming third spacers
on sidewalls of the third sacrificial layer pattern, and after
removing the first to third sacrificial layer patterns, etching,
the mask layer using the first, second, and third spacers as an
etching mask.

In an exemplary embodiment of the present inventive
concept, a method further includes forming a plurality of
second active fins and a plurality of third active fins, wherein
forming the first gate structure includes forming the first gate
structure to cover two neighboring third active fins of the
plurality of third active fins, and wherein forming the first
conductive structure includes forming the first conductive
structure to cover two neighboring second active fins of the
plurality of second active fins.

In an exemplary embodiment of the present inventive
concept, the two neighboring second active fins are parallel
to each other, and the two neighboring third active fins are
parallel to each other.

In an exemplary embodiment of the present inventive
concept, a method further includes forming a plurality of
first active fins, wherein a first active fin of the plurality of
first active fins extends 1n a second direction substantially
parallel to a top surface of the substrate, wherein another
first active fin of the plurality of first active fins extends 1n
a first direction substantially parallel to the top surface of the

substrate and substantially perpendicular to the second
direction.

In an exemplary embodiment of the present inventive
concept, a method further includes forming a second gate
structure, wherein forming the second gate structure
includes, forming the second gate structure on the plurality
of first active fins and forming the 1solation layer pattern to
extend in the second direction.
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In an exemplary embodiment of the present inventive
concept, forming the first and second conductive structures
includes, forming a first contact plug on the second active fin
to surround the periphery of the first region, and forming a
second contact plug on the first gate structure to surround the
periphery of the second region, and forming a {irst via on the
first contact plug to continuously surround the first region,
and forming a second via on the second contact plug to
surround the periphery of the second region.

According to an exemplary embodiment of the present
iventive concept, a semiconductor device includes a sub-
strate having a first region and a second region, wherein the
second region 1s disposed around the first region, a first
active fin disposed on the first region, a second active fin
disposed on the second region, and a third active fin dis-
posed on the second region, wherein the second active fin
forms a closed loop around the first region, and the third
active fin forms a closed loop around the second active {in,
a first conductive structure disposed on the second active fin,
wherein the first conductive structure forms a closed loop
around the first region, a first gate structure covering the
third active fin, a second conductive structure disposed on
the first gate structure, wherein the first gate structure forms
a closed loop around the second active fin, and the second
conductive structure forms a closed loop around the second
active fin.

In an exemplary embodiment of the present inventive
concept, a semiconductor device further includes a fourth
active 1in disposed between the second and third active fins,
the fourth active fin forming a closed loop around the second
active fin, and a fifth active fin disposed on the second region
of the substrate, the fifth active fin forming a closed loop
around the third active fin, wherein the first conductive
structure covers the second and fourth active fins, and the
second conductive structure covers the third and fifth active
{ins.

In an exemplary embodiment of the present mventive
concept, the second and third active fins each include a
curved or zigzag portion.

In an exemplary embodiment of the present mventive
concept, a semiconductor device turther includes a second
gate structure including a first gate msulation layer pattern
and a first gate electrode sequentially stacked on the first
active {in.

In an exemplary embodiment of the present mmventive
concept, the first conductive structure includes a first contact
plug disposed on the second active fin, the first contact plug
forming a closed loop around the first region, and a first via
disposed on the first contact plug, the first via forming a
closed loop around the first region, and wherein the second
conductive structure includes a second contact plug disposed
on the first gate structure, the second contact plug forming
a closed loop around the second active fin, and a second via

disposed on the second contact plug, the second via forming
a closed loop around the second active fin.

BRIEF DESCRIPTION OF THE DRAWINGS

The present inventive concept will be more clearly under-
stood by describing in detail exemplary embodiments
thereol with reference to the accompanying drawings, in
which:

FIG. 1 1s a plan view illustrating a moisture blocking
structure and a first guard ring 1 accordance with an
exemplary embodiment of the present inventive concept;
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FIGS. 2, 3 and 4 are cross-sectional views of FIG. 1,
illustrating a moisture blocking structure and a first guard

ring in accordance with exemplary embodiments of the
present mventive concept;

FIGS. 5, 6, 7, 8, 9, 10 and 11 are enlarged plan views
illustrating the moisture blocking structure and the first
guard ring of FIG. 1, 1n accordance with exemplary embodi-
ments of the present inventive concept;

FI1G. 12 15 a plan view 1llustrating a semiconductor device
in accordance with an exemplary embodiment of the present
inventive concept;

FIGS. 13, 14, 15 and 16 are cross-sectional views of FIG.
12, 1llustrating a semiconductor device 1n accordance with
exemplary embodiments of the present inventive concept;
and

FIGS.17,18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64 and 65 are plan views and cross-sectional views
illustrating a method of manufacturing a semiconductor
device 1n accordance with exemplary embodiments of the
present mventive concept.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

Exemplary embodiments of the present inventive concept
will be described more fully hereinafter with reference to the
accompanying drawings. The present inventive concept
may, however, be embodied in many different forms and
should not be construed as being limited to the exemplary
embodiments set forth herein. In the drawings, the sizes and
relative sizes of layers and regions may be exaggerated for
clanty.

It will be understood that when an element or layer 1s
referred to as being “on,” “connected to” or “coupled to”
another element or layer, 1t can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. Like numerals may refer to like
clements throughout this application.

As used herein, the singular forms *“a,”

a,” “an’ and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise.

Exemplary embodiments of the present inventive concept
are described herein with reference to cross-sectional 1llus-
trations that are 1dealized examples. As such, vanations from
the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, may be
expected. Thus, exemplary embodiments of the present
inventive concept should not be construed as being limited
to the particular shapes that result, for example, from
manufacturing. For example, an implanted region illustrated
as a rectangle may, typically, have rounded or curved
features and/or a gradient of implant concentration at 1its
edges rather than a binary change from implanted to non-
implanted region. Likewise, a buried region formed by
implantation may result in some implantation 1 a region
between the buried region and a surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to 1llustrate the actual shape of a region of a device
and are not mtended to limit the scope of the present
inventive concept.

FIG. 1 1s a plan view illustrating a moisture blocking
structure and a first guard ring 1 accordance with an
exemplary embodiment of the present inventive concept.
FIGS. 2 to 4 are cross-sectional views of FIG. 1 illustrating
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a moisture blocking structure and a first guard ring 1n
accordance with exemplary embodiments of the present
inventive concept. FIGS. 5 to 11 are enlarged plan views
illustrating the moisture blocking structure and the first
guard ring of FIG. 1, 1n accordance with exemplary embodi-
ments of the present mventive concept. Particularly, FIGS.
2 to 4 are cross-sectional views taken along a line L-L' of
FIG. 1. FIGS. 5 and 7 are enlarged plan views of a region Z
illustrated 1n FIG. 1. FIG. 6 1s an enlarged plan view of a
region Y 1illustrated in FIG. 1.

Referring to FIGS. 1 to 3 and 5 to 7, a first guard ring 404
and a first moisture blocking structure 406 may be formed on
a second region II of a substrate 100.

The substrate 100 may include a semiconductor material
such as, for example, silicon, germanium, or the like. The
substrate 100 may include a I1I-V compound semiconductor
such as, for example, GaP, GaAs, GaSh, or the like. In an
exemplary embodiment of the present inventive concept, the
substrate 100 may be a silicon-on-insulator (SOI) substrate
or a germanium-on-insulator (GOI) substrate.

The substrate 100 may include first and second regions I
and II. The second region II may include third and fourth
regions III and IV. The third region III may include fifth,
sixth and seventh regions V, VI and VII. The fourth region
IV may include eighth, ninth and tenth regions VIII, IX and
X.

The first region I may be a chip region in which a
semiconductor chip may be formed, and the second region
II may be a sealing region surrounding (e.g., surrounding an
outer periphery of the first region I) and protecting the
semiconductor chip in the first region 1. More particularly,
the border of the first region I may be surrounded by the
second region II, but the second region II may not com-
pletely overlap top and bottom sides of the first region I.
Hereafter, the term surround may mean to be all around the
border of an element or region, except the entirety of 1ts top
or bottom sides. However, meaning of the term surround 1s
not limited thereto. The third region III 1n the second region
II may be a guard ring region 1 which the first guard ring
404 for grounding the semiconductor chip may be formed.
The fourth region IV 1n the second region II may be a region
in which the first moisture blocking structure 406 for pro-
tecting the semiconductor chip may be formed. The first
blocking structure 406 may prevent moisture permeation or
crack generation during a dicing process. The dicing process
may divide a plurality of semiconductor chips disposed on
a waler from each other.

The third region III may surround the first region I, and
may have various shapes for surrounding the first region I.
For example, the third region III may surround an outer
periphery of the first region 1. FIG. 1 shows the third region
IIT having an octagonal shape. However, the present inven-
tive concept need not be limited thereto. When the third
region III has the octagonal shape, the third region III may
have the fifth region V extending in a first direction sub-
stantially parallel to a top surface of the substrate 100, the
s1xth region VI extending 1n a second direction substantially
parallel to the top surface of the substrate 100 and substan-
tially perpendicular to the first direction, and the seventh
region VII connecting the fifth and sixth regions V and VI
to each other. The seventh region VII may extend i a
direction having an acute angle with the first and second
directions.

The fourth region IV may surround the third region 111,
and may have various shapes for surrounding the third
region III. For example, the fourth region IV may surround
an outer periphery of the third region III. FIG. 1 shows that
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the fourth region IV has a rectangular ring shape and a bar
shape covering an outer periphery of the seventh region VII
in addition thereto. However, the present inventive concept
may not be limited thereto. In FIG. 1, the fourth region IV
includes the eighth region VIII extending in the first direc-
tion, the ninth region IX extending in the second direction,
and the tenth region X being connected to the eighth and
ninth regions VIII and IX and extending in a direction
substantially the same as a direction 1n which the seventh
region VII may extend.

The first guard ring 404 may be formed on the third region
I1I of the substrate 100, and may continuously surround the
first region I 1n a winding line 1n a plan view. For example,
the first guard ring 404 may surround 1n a plan view the third
region III. The winding line of the first guard ring 404 may
include a wavy line, a zig-zag line, and the like.

In an exemplary embodiment of the present inventive
concept, the first guard ring 404 may include a plurality of
first portions, each of which may extend in the first direction,
and a plurality of second portions, each of which may extend
in the second direction. Each end of each first portion may
be connected to an end of a second portion.

In an exemplary embodiment of the present inventive
concept, a plurality of first guard rings 404 may be formed,
and the plurality of first guard rings 404 may be disposed
outwardly from a center of the first region 1. For example,
they may be formed away from the center of the first region
I. Each of the first guard rings 404 may extend 1n a winding
line to have concave and convex portions. In an exemplary
embodiment of the present inventive concept, concave and
convex portions of one of the first guard rings 404 may be
disposed to face convex and concave portions, respectively,
ol another one of the first guard ring 404 adjacent thereto.
However, the present inventive concept may not be limited
thereto. Referring to FIG. 10, concave and convex portions
of an outer first guard ring 404 may be disposed to face
concave and convex portions, respectively, of an nner {irst
guard ring 404 adjacent to the upper first guard ring 404.
Additionally, concave and convex portions of one of the first
guard rings 404 may be disposed not to exactly face convex
and concave portions of another first guard rings 404 adja-
cent thereto. For example, the concave and convex portions
of an mner first guard ring 404 may be staggered with
respect to the concave and convex portions of an outer first
guard ring 404 adjacent to the mner guard ring 404.

In an exemplary embodiment of the present inventive
concept, referring to FIG. 8, the first guard ring 404 may
include third and fourth portions extending in third and
tourth directions, respectively. Each of the third and fourth
portions may have an acute angle with the first and second
directions. Each end of each third portion may be connected
to an end of a fourth portion.

In an exemplary embodiment of the present inventive
concept, referring to FIG. 9, the first guard ring 404 may
extend 1 a curved line, for example, 1n a wave-type line.
This way, the first guard ring 404 may have a wavy shape.

Thus, the first guard ring 404 may have any type of
winding line. In some cases, the first guard ring 404 may not
be straight or bar shaped.

In an exemplary embodiment of the present inventive
concept, the first guard ring 404 may include a second active
fin 104 and a first conductive structure sequentially stacked
on the third region III of the substrate 100. The second active
fin 104 may continuously surround (e.g., surround the {first
region I 1n a plan view) the first region I 1n a winding line.
The first conductive structure may have a shape correspond-
ing to the shape of the second active fin 104. The second
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active fin 104 may have the shape of a winding line (e.g., a
curved or wavy shape). Accordingly, a mandrel or a mask
spacer may not fall down and may be stable 1n a double
patterning process for forming the second active fin 104. A
polishing stress may be eflectively dispersed 1in a chemical
mechanical polishing (CMP) process for forming an isola-
tion layer pattern 125 so that the second active fin 104 may
be stably formed.

The second active fin 104 may protrude from the substrate
100. A lower sidewall of the second active fin 104 may be
covered by the 1solation layer pattern 1235. An upper portion
of the second active fin 104 may protrude from a top surface
of the 1solation layer pattern 125. A second spacer 184 may
be formed on both sidewalls of the second active fin 104.
The second active fin 104 may include a nitride, for
example, silicon nitride, or an oxide, for example, silicon
oxide.

The second active fin 104 may include a material sub-
stantially the same as that of the substrate 100. In an
exemplary embodiment of the present inventive concept, the
second active fin 104 may be doped with impurities for
example, boron, phosphorus, or the like.

In an exemplary embodiment of the present inventive
concept, a plurality of second active fins 104 may be formed
outwardly (e.g., formed away) from the center of the first
region I, and the first conductive structure may be formed on
two neighboring second active fins 104.

The first conductive structure may include a first contact
plug 294 and a first via 314 sequentially stacked. The first
contact plug 294 may be formed 1n a first insulating inter-
layer 200. The first insulating interlayer 200 may be formed
on the substrate 100 and may cover the second active fin 104
and the second spacer 184. A second insulating interlayer
270 may be disposed on the first insulating interlayer 200.
The first via 314 may be formed n a third insulating
interlayer 300. The third insulating layer 300 may be dis-
posed on the second insulating interlayer 270. The first
contact plug 294 and the first via 314 may include a metal,
for example, tungsten, copper, aluminum, or the like. The
first contact plug 294 may include doped polysilicon.

In an exemplary embodiment of the present inventive
concept, a plurality of first conductive structures may be
formed outwardly (e.g., formed away) from the center of the
first region I. A metal plate 320 may be disposed on the
plurality of first conductive structures. Thus, the plurality of
first conductive structures may be electrically connected to
cach other. Currents tlowing in the metal plate 320 and other
upper wirings connected thereto may be grounded to the
substrate 100 by the first guard ring 404 including the second
active fin 104, the first contact plug 294 and the first via 314.

A second source/drain layer 204 and a second metal
silicide pattern 284 may be formed between the second
active fin 104 and the first contact plug 294.

The second source/drain layer 204 may be formed on the
second active fin 104 and the second spacer 184. The second
source/drain layer 204 may be formed by a selective epi-
taxial growth (SEG) process using the second active fin 104
as a seed. In an exemplary embodiment of the present
inventive concept, the second source/drain layer 204 may
include a single crystalline silicon-germanium layer doped
with 1mpurities, a single crystalline silicon carbide layer
doped with impurities, a single crystalline silicon layer
doped with impurnities, or the like.

The second metal silicide pattern 284 may be formed by
a chemical reaction between the source/drain layer 204 and
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a metal layer. The second metal silicide pattern 284 may
include, for example, cobalt silicide, nickel silicide, or the
like.

In an exemplary embodiment of the present inventive
concept, the second source/drain layer 204 and the second
metal silicide pattern 284 may not be formed. In this case,
the first contact plug 294 may directly contact the second
active fin 104.

The first moisture blocking structure 406 may be formed
on the fourth region IV of the substrate 100, and may
continuously surround the third region III 1n a winding line
in a plan view. For example, the first moisture blocking
structure 406 may surround 1n a plan view the third region
I1I.

The first moisture blocking structure 406 may have a
shape similar to that of the first guard ring 404 1n a plan view.
For example, referring to FI1G. 11, the first moisture blocking
structure 406 on the eighth region VIII may have a shape
similar to that of the first guard ring 404 illustrated with
reference to FI1G. 5. The first moisture blocking structure 406
may include a plurality of fifth portions each of which may
extend 1n the first direction, and a plurality of sixth portions
cach of which may extend in the second direction. Each end
of each {fifth portion may be connected to an end of a sixth
portion. Additionally, the first moisture blocking structure
406 on the ninth and tenth regions IX and X may have a
shape similar to that of the first guard ring 404 on the fifth
and sixth regions V and VI.

A plurality of first moisture blocking structures 406 may
be formed outwardly (e.g., be oflset) from the center of the
first region I. In an exemplary embodiment of the present
inventive concept, the first moisture blocking structure 406
may be curved, for example, like a wave. In other words, the
first moisture blocking structure 406 may have a curved
shape including a plurality of windings. According to an
exemplary embodiment of the present inventive concept, the
first moisture blocking structure 406 may have a jagged
portion. The first moisture blocking structure 406 may also
be formed 1n a straight line.

In an exemplary embodiment of the present inventive
concept, the first moisture blocking structure 406 may
include a third active fin 106, a second gate structure 256,
and a second conductive structure sequentially stacked on
the fourth region IV of the substrate 100.

The third active fin 106 may continuously surround (e.g.,
surround 1n a plan view) the third region III 1n a winding
line. Each second gate structure 236 and each second
conductive structure may have a shape corresponding to the
shape of a third active fin 106. The third active fin 106 may
have the shape of a winding line. Accordingly, a mandrel or
a mask spacer may not fall down and may be stable 1n a
double patterming process for forming the third active fin
106. A polishing stress may be eflectively dispersed 1n a
CMP process for forming the 1solation layer pattern 125 so
that the third active fin 106 may be stably formed.

The third active fin 106 may protrude from the substrate
100. A lower sidewall of the third active fin 106 may be
covered by the 1solation layer pattern 125 and an upper
portion of the third active fin 106 may protrude from a top
surface of the 1solation layer pattern 125. The third active fin
106 may include a material substantially the same as that of
the substrate 100. In an exemplary embodiment of the
present inventive concept, the third active fin 106 may be
doped with impurities, for example, boron, phosphorus, or
the like.

In an exemplary embodiment of the present inventive
concept, a plurality of third active fins 106 may be formed
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outwardly (e.g., formed away) from the center of the first
region I, and the second gate structure 256 may be formed
on two neighboring third active fins 106. The second gate
structure 256 may cover a portion of the 1solation layer
pattern 125 between the two third active fins 106. The
second gate structure 256 may cover portions of the 1solation
layer pattern 1235 adjacent to outer sidewalls of the second
gate structure 256.

The second gate structure 256 may include a second
interface layer pattern 226, a second gate insulation layer
pattern 236 and a second gate electrode 246 sequentially
stacked on the third active fin 106. A second gate spacer 176
may be formed on both sidewalls of the second gate struc-
ture 256, and a second blocking layer pattern 266 may be
formed on top surfaces of the second gate structure 256 and
the second gate spacer 176.

The second interface layer pattern 226 may include an
oxide, for example, silicon oxide. In an exemplary embodi-
ment of the present inventive concept, the second interface
layer pattern 226 may be formed only on a top surface of the
third active fin 106. The second interface layer pattern 226
may also be formed on the isolation layer pattern 125.
Alternatively, the second interface layer pattern 226 may be
omitted.

The second gate insulation layer pattern 236 may include
a metal oxide having a high dielectric constant, for example,
hatnium oxide, tantalum oxide, zirconium oxide, or the like.
The second gate 1nsulation layer pattern 236 may be formed
on the second interface layer pattern 226, the 1solation layer
pattern 125 and an inner sidewall of the second gate spacer
176. The second gate 1mnsulation layer pattern 236 may cover
a bottom and a sidewall of the second gate electrode 246.

The second gate electrode 246 may include a material
having a low resistance, for example, a metal such as
aluminum, copper, tantalum, or the like. The second gate
clectrode 246 may include doped polysilicon.

The second gate structure 256 may include a dummy gate
insulation layer pattern including silicon oxide and a dummy
gate electrode including polysilicon instead of the second
interface layer pattern 226, the second gate isulation layer
pattern 236 and the second gate electrode 246.

The second gate spacer 176 and the second blocking layer
pattern 266 may include a nitride, for example, silicon
nitride.

The second conductive structure may include a second
contact plug 296 and a second via 316 sequentially stacked.
The second contact plug 296 may be formed in the second
insulating iterlayer 270. The second via 316 may be formed
in the third msulating interlayer 300. The second contact
plug 296 and the second via 316 may include a material
substantially the same as that of the first contact plug 294
and of the first via 314. The second contact plug 296 and the
second via 316 may include a metal, for example, tungsten,
copper, aluminum, or the like, or doped polysilicon.

In an exemplary embodiment of the present inventive
concept, a plurality of second conductive structures may be
formed outwardly (e.g., be oflset) from the center of the first
region I, and the metal plate 320 may be formed on the
plurality of second conductive structures. Thus, the plurality
of second conductive structures may be electrically con-
nected to each other, and electrically connected to the first
conductive structures.

In the first moisture blocking structure 406 including the
third active fin 106, the second gate structure 2356, the second
blocking layer pattern 266, the second contact plug 296 and
the second via 316, the second gate structure 256 may cover
two third active fins 106. Thus, a route through which
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moisture may intlow from the outside into the first region I
may be lengthened, and an external influence therefrom may
be lessened.

Referring to FIG. 4, a second moisture blocking structure
407 may not 1include a blocking layer pattern on the second
gate structure 256. In this case, the second gate structure 256
may directly contact a fourth contact plug 297.

A guard ring may be formed only on the third region III
of the substrate 100 (e.g., the first guard ring 404). However,
a guard ring may be also formed on the fourth region IV of
the substrate 100. This guard ring may be referred to as a
second guard ring. For example, the second guard ring may
include the third active fin 106, the first contact plug 294 and
the first via 314 sequentially stacked. The second guard ring,
may be formed on the fourth region IV of the substrate 100
to ground current and block moisture to reduce their impact
to the chip region.

FI1G. 12 15 a plan view 1llustrating a semiconductor device
in accordance with an exemplary embodiment of the present
inventive concept. FIGS. 13 to 16 are cross-sectional views
of FIG. 12, illustrating a semiconductor device in accor-
dance with exemplary embodiments of the present inventive
concept. Particularly, FIG. 13 1s an enlarged cross-sectional
view 1llustrating regions X, Y and Z of FIG. 12. FIGS. 14 to
16 are cross-sectional views taken along lines A-A', B-B',
and C-C' of FIG. 12, respectively. The semiconductor device
may include the first moisture blocking structure 406 and the
first guard ring 404 1llustrated with reference to FIGS. 1 to
11. Detailed description of elements already described with
reference to FIGS. 1 to 11 may be omitted for brevity.

Referring to FIGS. 12 to 16, the semiconductor device
may include a transistor, a first guard ring 404 and a first
moisture blocking structure 406 on a substrate 100.

The substrate 100 may include first to tenth regions I to X.
The first region I may be a chip region 1n which a semicon-
ductor chip including a transistor may be formed. The
second region II may be a sealing region surrounding (e.g.,
surrounding an outer periphery of the first region I) and
protecting the semiconductor chip in the first region 1. The
third region III in the second region II may be a guard ring
region 1 which the first guard ring 404 for grounding the
semiconductor chip may be formed. The fourth region IV 1n
the second region II may be a region in which the first
moisture blocking structure 406 may be formed. The mois-
ture blocking structure 406 may protect the semiconductor
chip by preventing moisture permeation or crack generation.

The transistor may include a first active fin 102 on the first
region I of the substrate 100, a first gate structure 252 on the
first active fin 102, and a first source/drain layer 202 on the
first active fin 102 adjacent to the first gate structure 252.

In an exemplary embodiment of the present inventive
concept, a first active fin 102 may extend 1n a first direction
substantially parallel to a top surface of the substrate 100. A
plurality of first active fins 102 may be formed 1n a second
direction substantially parallel to the top surface of the
substrate 100 and substantially perpendicular to the first
direction. A first spacer 182 may be formed on both side-
walls of the first active fin 102, and may 1nclude a mitride, for
example, silicon nitride, or an oxide such as, for example,
s1licon oxide.

The first gate structure 2352 may include a first interface
layer pattern 222, a first gate insulation layer pattern 232,
and a first gate electrode 242 sequentially stacked on the first
active fin 102. A first gate spacer 172 may be formed on both
sidewalls of the first gate structure 252. A first blocking layer
pattern 262 may be formed on top surfaces of the first gate
structure 252 and the first gate spacer 172.
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The first interface layer pattern 222 may include an oxide,
for example, silicon oxide. In an exemplary embodiment of
the present inventive concept, the first interface layer pattern
222 may be formed only on a top surface of the first active
fin 102. The first interface layer pattern 222 may also be
formed on a top surface of the first active fin 102 and on an
isolation layer pattern 125 on the substrate 100. Alterna-
tively, the first interface layer pattern 222 may be omatted.

The first gate msulation layer pattern 232 may include a
metal oxide having a high dielectric constant, for example,
hatnium oxide, tantalum oxide, zirconium oxide, or the like.
The first gate insulation layer pattern 232 may be formed on
the first interface layer pattern 222, the 1solation layer
pattern 125 and an mner sidewall of the first gate spacer 172.
The first gate insulation layer pattern 232 may cover a
bottom and a sidewall of the first gate electrode 242.

The first gate electrode 242 may include a material having
a low resistance, for example, a metal such as aluminum,
copper, tantalum, or the like, or doped polysilicon. The first
gate spacer 172 and the first blocking layer pattern 262 may
include a mitride, for example, silicon nitride.

The first source/drain layer 202 may be formed on the first
active fin 102 and the first spacer 182. The first source/drain
layer 202 may be formed by an SEG process using the first
active fin 102 as a seed. In an exemplary embodiment of the
present mventive concept, the first source/drain layer 202
may include a single crystalline silicon-germanium layer
doped with impurities, a single crystalline silicon carbide
layer doped with impurities, a single crystalline silicon layer
doped with impurities, or the like.

A first metal silicide pattern 282 may be formed on the
first source/drain layer 202. The first metal silicide pattern
282 may include, for example, cobalt silicide, nickel silicide,
or the like.

A transistor may be formed in a first insulating interlayer
200. Second and third insulating interlayers 270 and 300
may be sequentially formed on the first insulating interlayer
200. A third contact plug 292 may be formed 1n the first and
second 1nsulating interlayers 200 and 270. The third contact
plug 292 may contact the first metal silicide pattern 282. A
third via 312 may be formed 1n the third insulating interlayer
300. The third via 312 may contact the third contact plug
292. The third contact plug 292 and the third via 312 may
include a metal, for example, tungsten, copper, aluminum, or
the like, or doped polysilicon. A metal plate 320 may be
disposed on a top surface of the third via 312.

A fifth contact plug may be formed 1n the first and second
insulating interlayers 200 and 270. The fifth contact plug
may contact the first gate structure 252. Additionally, a fifth
via may be formed 1n the third msulating interlayer 300. The
fifth via may contact a top surface of the fifth contact plug
and a bottom of the metal plate 320.

A first guard ring 404 may be formed on the third region
III of the substrate 100, and may continuously surround
(e.g., surround 1n a plan view) the first region I 1n a winding
line 1n a plan view. On the fifth to seventh regions V, VI, and
VII, the first guard ring 404 may include a vanety of
windings such as wavy portions or zig-zag portions. In this
case, the first guard ring 404 may or may not be 1n the form
of a straight line or bar.

In an exemplary embodiment of the present mventive
concept, the first guard ring 404 may include a second active
fin 104 and a first conductive structure sequentially stacked
on the third region 111 of the substrate 100. The second active
fin 104 may continuously surround the first region I 1n a
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winding line, and the first conductive structure may have a
shape corresponding to the shape of the second active fin

104.

The second active fin 104 may protrude from the substrate
100, and may include a material substantially the same as
that of the substrate 100 and the first active fin 102. In an

exemplary embodiment of the present inventive concept, the
second active fin 104 may be doped with impurities, for
example, boron, phosphorus, or the like. A second spacer
184 may be formed on both sidewalls of the second active
fin 104. The second spacer 184 may include a material
substantially the same as that of the first spacer 182.

The first conductive structure may include a first contact
plug 294 and a first via 314 sequentially stacked. The first
contact plug 294 and the first via 314 may include matenals
substantially the same as those of the third contact plug 292
and the third via 312, respectively.

In an exemplary embodiment of the present imventive
concept, a plurality of first conductive structures may be
formed outwardly (e.g., formed away) from the center of the
first region I. The metal plate 320 may be formed on the
plurality of first conductive structures. Thus, the plurality of
first conductive structures may be electrically connected to
cach other. Further, the plurality of first conductive struc-
tures may be electrically connected to the third via 312 and
the third contact plug 292. Thus, currents tflowing i the
metal plate 320 and wirings on the first region I connected
thereto may be grounded to the substrate 100 by the first
guard ring 404 including the second active fin 104, the first
contact plug 294 and the first via 314.

A second source/drain layer 204 and a second metal
silicide pattern 284 may be further formed between the
second active fin 104 and the first contact plug 294. The
second source/drain layer 204 and the second metal silicide
pattern 284 may include materials substantially the same as
those of the first source/drain layer 202 and the first metal
silicide pattern 282, respectively. However, 1n an exemplary
embodiment of the present mventive concept, the second
source/drain layer 204 and the second metal silicide pattern
284 may not be formed. In this case, the first contact plug
294 may directly contact the second active fin 104.

The first moisture blocking structure 406 may be formed
on the fourth region IV of the substrate 100, and may
continuously surround (e.g., surround 1 a plan view) the
third region III in a winding line in a plan view. The first
moisture blocking structure 406 may have a variety of
winding line shapes on the eighth to tenth regions IIIV, IX,
and X. The first moisture blocking structure 406 might not
have a straight line shape.

In an exemplary embodiment of the present inventive
concept, the first moisture blocking structure 406 may
include a third active fin 106, a second gate structure 256,
and a second conductive structure sequentially stacked on
the fourth region IV of the substrate 100. The third active fin
106 may continuously surround (e.g., surround i a plan
view) the third region III in a winding line, and the second
gate structure may have a shape corresponding to the shape
of the third active fin 106.

The third active fin 106 may protrude from the substrate
100, and a lower sidewall of the third active fin 106 may be
covered by the 1solation layer pattern 1235. An upper portion
of the third active fin 106 may protrude from a top surface
of the 1solation layer pattern 1235. The third active fin 106
may include a material substantially the same as that of the
substrate 100, and the first and second active fins 102 and
104. In an exemplary embodiment of the present inventive
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concept, the third active fin 106 may be doped with 1impu-
rities such as, for example, boron, phosphorus, or the like.

The second gate structure 256 may include a second
interface layer pattern 226, a second gate insulation layer
pattern 236 and a second gate electrode 246 sequentially
stacked on the third active fin 106. A second gate spacer 176
may be formed on both sidewalls of the second gate struc-
ture 256, and a second blocking layer pattern 266 may be
formed on top surfaces of the second gate structure 256 and
the second gate spacer 176.

The second interface layer pattern 226, the second gate
insulation layer pattern 236, and the second gate electrode
246 may include materials substantially the same as those of
the first interface layer pattern 222, the first gate msulation
layer pattern 232, and the first gate electrode 242, respec-
tively. However, the second gate structure 256 may include
a dummy gate insulation layer pattern including silicon
oxide, and a dummy gate electrode including polysilicon
instead of the second interface layer pattern 226, the second
gate 1nsulation layer pattern 236, and the second gate
clectrode 246.

The second gate spacer 176 and the second blocking layer
pattern 266 may include materials substantially the same as
those of the first gate spacer 172 and the first blocking layer
pattern 262, respectively.

The second conductive structure may include a second
contact plug 296 and a second via 316 sequentially stacked.
The second contact plug 296 and the second via 316 may
include materials substantially the same as those of the first
contact plug 294 and the first via 314, respectively.

In an exemplary embodiment of the present mventive
concept, a plurality of second conductive structures may be
formed outwardly from the center of the first region I, and
the metal plate 320 may be formed on top surfaces of the
plurality of second conductive structures. Thus, the plurality
of second conductive structures may be electrically con-
nected to each other via the metal plate 320. The plurality of
second conductive structures may also be electrically con-
nected to the first conductive structures, the third via 312 and
the third contact plug 292 on the first region I.

In the first moisture blocking structure 406 including the
third active fin 106, the second gate structure 256, the second
blocking layer pattern 266, the second contact plug 296 and
the second via 316, the second gate structure 256 may cover
the two third active fins 106. Thus, a route through which
moisture may intlow from the outside into the third region
III may be lengthened, and an external influence therefrom
may be lessened.

In an exemplary embodiment of the present mventive
concept, the first moisture blocking structure 406 may not
include a blocking layer pattern on the second gate structure
256. In this case, the second gate structure 256 may directly
contact the fourth contact plug 296.

A second guard ring may be formed on the fourth region
IV of the substrate 100. The second guard ring may include
the third active fin 106, the first contact plug 294 and the first
via 314 sequentially stacked. The substrate 100 may be
grounded by the second guard ring. The second guard ring
may be formed on the fourth region IV of the substrate 100
to ground current and block moisture to reduce their impact
on the chip region.

FIGS. 17 to 65 are plan views and cross-sectional views
illustrating stages ol a method of manufacturing a semicon-
ductor device 1n accordance with exemplary embodiments
of the present imnventive concept. FIGS. 17, 19, 22, 27, 31,
35, 39, 43, 47, 51, 54, 57 and 61 are plan views of the
semiconductor device. FIGS. 18, 20, 21, 23-26, 28, 32, 36,
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40, 44, 48, 50, 52, 55, 58, 62, and 65 are cross-sectional
views taken along a line A-A' of corresponding plan views.
FIGS. 29, 33, 37, 41, 45, 59, and 63 are cross-sectional
views taken along a line B-B' of corresponding plan views.
FIGS. 30, 34, 38, 42, 46, 49, 53, 56, 60 and 64 are
cross-sectional views taken along a line C-C' of correspond-
ing plan views. In FIGS. 31, 35, 39, 43, 47, 51, 54, 57 and
61, enlarged cross-sectional views of regions X, Y and Z of
FIG. 27 are shown, instead of all regions in the interest of
brevity.

This method may be used for manufacturing the semi-
conductor device illustrated with reference to FIGS. 12 to
17. However, the present inventive concept 1s not limited
thereto.

Referring to FIGS. 17 and 18, a mask layer 500 may be
formed on a substrate 100. First, second and third sacrificial
layer patterns 512, 514 and 516 may be formed on the mask
layer 500 1n first, third and fourth regions I, III, IV, respec-
tively. The first to third sacrificial layer patterns 512, 514 and
516 may serve as a mandrel 1n a double patterning process.

In an exemplary embodiment of the present inventive
concept, the first sacrificial layer pattern 512 may extend 1n
the first direction, and the second and third sacrificial layer
patterns 514 and 516 may continuously surround (e.g.,
surround 1n a plan view) the first and third regions I and III,
respectively, 1n a winding line 1n a plan view. In an exem-
plary embodiment of the present inventive concept, a plu-
rality of first sacrificial layer patterns 312, a plurality of
second sacrificial layer patterns 514, and a plurality of third
sacrificial layer patterns 516 may be formed.

The first sacrificial layer pattern 512 may extend in the
first direction 1n a straight line, and thus may fall down 11 the
first sacrificial layer pattern 512 has a length more than a
given length. The plurality of first sacrificial layer patterns
512, each having a length less than the given length, may be
formed 1n the first direction. However, each of the second
and third sacrificial layer patterns 514 and 516 may not
extend 1n a direction in a straight line. Thus, the second and
third sacrificial layer patterns 514 and 516 may not fall down
but may be stably formed with a long length.

The mask layer 500 may include a nitride, for example,
s1licon nitride. The first to third sacrificial layer patterns 512,
514 and 516 may include polysilicon, amorphous carbon
layer (ACL), spin-on organic hardmask (SOH), or the like.

Referring to FIGS. 19 and 20, first, second and third mask
spacers 522, 524 and 526 may be formed on both sidewalls
of the first, second and third sacrificial layer patterns 512,
514 and 516, respectively.

In an exemplary embodiment of the present inventive
concept, the first to third mask spacers 522, 524 and 526 may
be formed by forming a mask spacer layer on the mask layer
500 to cover the first to third sacrificial layer patterns 512,
514 and 3516, and anisotropically etching the mask spacer
layer. The first to third mask spacers 522, 524 and 526 may
be formed to have widths less than those of the first to third
sacrificial layer patterns 512, 514 and 516. Even though the
first to third mask spacers 522, 524 and 526 may have small
widths, the first to third mask spacers 522, 524 and 526 may
not fall down for the same reason described above with
reference to the first to third sacrificial layer patterns 512,
514 and 516.

The mask spacer layer may be an oxide. The oxide may
be formed by using, for example, an atomic layer deposition
(ALD) process.

Referning to FIG. 21, after removing the first to third
sacrificial layer patterns 512, 514 and 516, the mask layer
500 may be etched using the first to third mask spacers 522,
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524 and 526 as an etching mask to form first, second and
third masks 502, 504 and 506 1n the first, third and fourth
regions 1, III, and IV, respectively.

In an exemplary embodiment of the present inventive
concept, the first to third sacrificial layer patterns 512, 514
and 516 may be removed by a wet etching process or a dry
etching process, and the mask layer 500 may be etched by
a dry etching process.

In an exemplary embodiment of the present mventive
concept, the first to third masks 502, 504 and 506 may be
formed to have shapes substantially the same as those of the
first to third mask spacers 522, 524 and 3526, respectively.

Referring to FIGS. 22 to 23, the substrate 100 may be
ctched using the first to third masks 502, 504 and 506 as
etching masks to form first, second and third active fins 102,
104 and 106 in the first, third and fourth regions I, II1, and
IV, respectively. Thus, a first trench 110 may be formed
between the first to third active fins 102, 104 and 106 on the
substrate 100. In the etching process, the first to third masks
522, 524 and 526 may be removed.

The first to third active fins 102, 104 and 106 may be
formed to have shapes substantially the same as those of the
first to third masks 3502, 504 and 3506, respectively. For
example, the first active fin 102 may extend in the first
direction on the first region I of the substrate 100, and a
plurality of first active fins 102 may be formed both 1n the
first and second directions. The second active fin 104 may be
formed on the third region III of the substrate 100 to
continuously surround (e.g., surround in a plan view) the
first region I 1n a winding line. A plurality of second active
fins 104 may be formed outwardly from the first region I.
The third active fin 106 may be formed on the fourth region
IV of the substrate 100 to continuously surround the third
region III 1n a winding line, and a plurality of third active
fins 106 may be formed outwardly from the first region I.

After the etching process, the first to third masks 502, 504
and 506 may be removed.

Referring to FIG. 24, an isolation layer 120 may be
tormed to fill the first trench 110.

In an exemplary embodiment of the present inventive
concept, alter forming the 1solation layer 120 on the sub-
strate 100, the 1solation layer 120 may be planarized until a
top surface of the substrate 100, (e.g., top surfaces of the
active fins 102, 104 and 106) may be exposed. The 1solation
layer 120 may be formed to include an oxide, for example,
silicon oxide. The planarization process may be performed
by a CMP process. When the CMP process 1s performed, the
first to third active fins 102, 104 and 106 may be formed on
the first, third and fourth regions I, III and IV of the substrate
100, respectively. Thus there may be no density difference or
a very small density difference among the first, third and
fourth regions I, 111 and IV. Thus, the CMP process may be
performed with no dishing.

Retferring to FIG. 25, an upper portion of the 1solation
layer 120 may be removed to expose an upper portion of the
first trench 110. Thus, an 1solation layer pattern 125 may be
formed. In an exemplary embodiment of the present inven-
tive concept, the etching process may be performed by an
ctch back process.

When the 1solation layer pattern 125 1s formed, a field
region, which may have a top surface covered by the
isolation layer pattern 125, may be defined in each of the
first, third and fourth regions I, 1II and IV of the substrate
100. An active region, which need not have a top surface
covered by the 1solation layer pattern 125, may be defined 1n
cach of the first, third and fourth regions I, III and IV of the
substrate 100.
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Referring to FIG. 26, a dummy gate insulation layer 130,
a dummy gate electrode layer 140 and a hard mask layer 150
may be sequentially formed on the substrate 100. The
1solation layer pattern 125 may be formed on the substrate
100.

The dummy gate insulation layer 130 may be formed to
include an oxide, for example, silicon oxide. The dummy
gate e¢lectrode layer 140 may be formed to include, for
example, polysilicon. The hard mask layer 150 may be
formed to include a nitride, for example, silicon nitride.

The dummy gate 1nsulation layer 130 may be formed by
a chemical vapor deposition (CVD) process, an ALD pro-
cess, or the like. Alternatively, the dummy gate insulation
layer 130 may be formed by a heat treatment process on
upper portions of the first to third active fins 102, 104 and
106. In this case, the dummy gate msulation layer 130 may
not be formed on the 1solation layer pattern 125. The dummy
gate electrode layer 140 and the hard mask layer 150 may be
also formed by a CVD process, an ALD process, or the like.

Referring to FIGS. 27 to 30, an etching process may be
performed using a photoresist pattern as an etching mask to
pattern the hard mask layer 150. Thus, first and second hard
masks 152 and 156 may be formed 1n the first and fourth
regions I and IV, respectively. The dummy gate electrode
layer 140 and the dummy gate msulation layer 130 may be
etched using the first and second hard masks 152 and 156 as
etching masks to form first and second dummy gate struc-
tures 162 and 166 1n the first and fourth regions I and IV,
respectively.

In an exemplary embodiment of the present inventive
concept, the first dummy gate structure 162 may extend to
partially cover the first active fins 102 disposed in the second
direction. The second dummy gate structure 166 may extend
to have a shape similar to those of the third active fins 106
so that the second dummy gate structure 166 may cover the
third active fins 106. In an exemplary embodiment of the
present inventive concept, the second dummy gate structure
166 may cover two neighboring third active fins 106, from
among the plurality of third active fins 106 and a portion of
the 1solation layer pattern 125 between the neighboring third
active fins 106. The second dummy gate structure 166 may
cover portions of the 1solation layer pattern 125 adjacent to
outer sidewalls of the neighboring third active fins 106.

The first dummy gate structure 162 may include a first
dummy gate 1nsulation layer pattern 132, a first dummy gate
clectrode 142 and a first hard mask 152 sequentially stacked.
The second dummy gate structure 166 may include a second
dummy gate msulation layer pattern 136, a second dummy
gate electrode 146 and a second hard mask 156 sequentially
stacked.

The second active fins 104 1n the third region 111 may not
be covered by the dummy gate structures 162 and 166. The
second active fins 104 1n the third region Il may be exposed.

An 1on 1mplantation process may be performed to form an
impurity region at upper portions of the first and second
active fins 102 and 104 not covered by the first and second
dummy gate structures 162 and 166.

Referring to FIGS. 31 to 34, first and second gate spacers
172 and 176 may be formed on sidewalls of the first and
second dummy gate structures 162 and 166, respectively.
First and second spacers 182 and 184 may be formed on
sidewalls of the first and second active fins 102 and 104,
respectively.

In an exemplary embodiment of the present inventive
concept, the first and second gate spacers 172 and 176 and
the first and second spacers 182 and 184 may be formed by
forming a spacer layer on the first and second dummy gate
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structures 162 and 166, on the first and second active fins
102 and 104, and on the 1solation layer pattern 125, and by
anmisotropically etching the spacer layer. The spacer layer
may include a nitride such as, for example, silicon nitride
(S1,N,), silicon oxycarbonitride (S10,C N_), or the like.

Referring to FIGS. 35 to 38, upper portions of the first and
second active fins 102 and 104 not covered by the first and
second dummy gate structures 162 and 166, the first and
second gate spacers 172 and 176, and the first and second
spacers 182 and 184 may be etched to form second and third
trenches 192 and 194 1n the first and third regions I and I1I,
respectively.

Each of the second and third trenches 192 and 194 may
have a given depth toward an inside of the substrate 100.

FIGS. 36 to 38 show that the second and third trenches
192 and 194 are formed on upper portions of the first and
second active fins 102 and 104 of which sidewalls are not be
covered by the 1solation layer pattern 125. However, the
present inventive concept may not be limited thereto. In an
exemplary embodiment of the present inventive concept, the
second and third trenches 192 and 194 may be formed to
extend to lower portions of the first and second active fins
102 and 104 of which sidewalls may be covered by the
isolation layer pattern 125. Fach of the second and third
trenches 192 and 194 may be formed to have a rectangular
shape, a U-like shape cross-section taken along the first
direction, a fan shape cross-section taken along the first
direction, a sigma shape cross-section taken along the first
direction, or the like.

The etching process for forming the second and third
trenches 192 and 194, illustrated with reference to FIGS. 31
to 34, may be performed in-situ. The anisotropic etching
process for forming the first and second gate spacers 172 and
176 and the first and second spacers 182 and 184, illustrated
with reference to FIGS. 31 to 34, may be performed 1n-situ.

Referring to FIGS. 39 to 42, first and second source/drain
layers 202 and 204 may be formed to {ill the second and third
trenches 192 and 194, respectively.

In an exemplary embodiment of the present mmventive
concept, an SEG process may be performed using top
surfaces of the first and second active fins 102 and 104
exposed by the second and third trenches 192 and 194,
respectively, as a seed to form the first and second source/
drain layers 202 and 204, respectively.

In an exemplary embodiment of the present mventive
concept, the SEG process may be performed using a silicon
source gas, for example, dichlorosilane (S1H,Cl,) gas, and a
germanium source gas, for example, germane (GeH,) gas so
that a single crystalline silicon-germanium layer may be
formed. In exemplary embodiments of the present inventive
concept, a p-type impurity source gas, for example, diborane
(B,H,) gas may be used to form a single crystalline silicon-
germanium layer doped with p-type impurities. Thus, the
first and second source/drain layers 202 and 204 may serve
as a source/drain region of a positive-channel metal oxide
semiconductor (PMOS) transistor.

In an exemplary embodiment of the present inventive
concept, each of the first and second source/drain layers 202
and 204 may grow both in vertical and horizontal directions,
and an upper portion of each of the first and second
source/drain layers 202 and 204 may have a pentagon or
hexagon cross-sectional shape taken along the first direction.
Each of the first and second source/drain layers 202 and 204
may be formed to have a top surface higher than those of the
first and second active fins 102 and 104. Thus, each of the
first and second source/drain layers 202 and 204 may serve
as an elevated source/drain (ESD) layer.
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In an exemplary embodiment of the present inventive
concept, the SEG process may be performed using a silicon
source gas, for example, disilane (S1,H,) gas, and a carbon
source gas, for example, monomethylsilane (S1H,CH,) gas
to form a single crystalline silicon carbide layer. Alterna-
tively, the SEG process may be performed using a silicon
source gas such as, for example, disilane (S1,H) gas to form
a single crystalline silicon layer. In an exemplary embodi-
ment of the present inventive concept, an n-type impurity
source gas, for example, phosphine (PH;) gas may be also
used to form a single crystalline silicon carbide layer or a
single crystalline silicon layer doped with n-type impurities.
Thus, the first and second source/drain layers 202 and 204
may serve as a source/drain region ol a negative-channel
metal oxide semiconductor (NMOS) transistor.

In an exemplary embodiment of the present inventive
concept, one of the plurality of first and second source/drain
layers 202 and 204 may serve as a source/drain region of a
PMOS transistor, and one of the plurality of first source/
drain layers 202 and 204 may serve as a source/drain region
of an NMOS ftransistor.

Referring to FIGS. 43 to 46, a first insulating interlayer
200 may be formed on the substrate 100 and the 1solation
layer pattern 125 to cover the first and second dummy gate
structures 162 and 166, the first and second gate spacers 172
and 176, the first and second spacers 182 and 184, and the
first and second source/drain layers 202 and 204. The first
insulating interlayer 200 may be planarized until top sur-
taces of the first and second dummy gate electrodes 142 and
146 of the first and second dummy gate structures 162 and
166 may be exposed. The first and second hard masks 152
and 156 on the first and second dummy gate electrodes 142
and 146, and upper portions of the first and second gate
spacers 172 and 176 may be removed. In an exemplary
embodiment of the present inventive concept, the planariza-
tion process may be performed by a CMP process and/or an
etch back process.

Referring to FIGS. 47 to 49, the exposed first and second
dummy gate electrodes 142 and 146, and the first and second
dummy gate 1nsulation layer patterns 132 and 136 may be
removed to form first and second openings 212 and 214,
respectively. Accordingly, top surfaces of the first and third
active fins 102 and 106 and the 1solation layer pattern 1235
adjacent thereto may be exposed.

In an exemplary embodiment of the present inventive
concept, the first and second dummy gate electrodes 142 and
146, and the first and second dummy gate nsulation layer
patterns 132 and 136 may be removed by performing a dry
etching process {irst and then a wet etching process. The wet
etching process may be performed using hydrogen fluoride
(HF) as an etching solution.

Alternatively, referring to FIG. 350, after forming a pho-
toresist pattern covering the fourth region 1V, the etching
process may be performed, so that the second dummy gate
clectrode 146 and the second dummy gate insulation layer
pattern 136 are not removed. In the chip region I, to form a
gate structure actively operated, a gate replacement process
for forming a gate electrode including a metal may be
performed. However, in the sealing region II, an actively
operated gate structure 1s not needed. Thus, the gate replace-
ment process may not be performed in the fourth region IV
and the dummy gate electrode may remain.

Referring to FIGS. 51 to 33, a first interface layer pattern
222, a first gate msulation layer pattern 232 and a first gate
clectrode 242 may be formed to fill the first opening 212. A
second interface layer pattern 226, a second gate insulation
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layer pattern 236 and a second gate electrode 246 may be
formed to fill the second opening 214.

After performing a thermal oxidation process on top
surfaces of the first and third active fins 102 and 106 exposed
by the first and second openings 212 and 214 to form the first
and second interface layer patterns 222 and 226, respec-
tively, a gate insulation layer may be formed on the first and
second interface layer patterns 222 and 226, on imner side-
walls of the first and second gate spacers 172 and 176, and
on the first insulating interlayer 200. A gate electrode layer
may be formed on the gate insulation layer to {ill remaiming
portions of the first and second openings 212 and 214.

In an exemplary embodiment of the present inventive
concept, the first and second interface layer patterns 222 and
226 may be formed to include silicon oxide. The gate
insulation layer may be formed to include a metal oxide
having a high dielectric constant, for example, hainium
oxide, tantalum oxide, zirconium oxide, or the like. The gate
clectrode layer may include a material having a low resis-
tance, for example, a metal such as aluminum, copper,
tantalum, or the like, or doped polysilicon.

In an exemplary embodiment of the present mventive
concept, the gate insulation layer and the gate electrode layer
may be formed by a CVD process, a PVD process, an ALD
process, or the like. However, the first and second interface
layer patterns 222 and 226 may be formed by a CVD
process, a PVD process, an ALD process, or the like, instead
of the thermal oxidation process. In this case, the first and
second interface layer patterns 222 and 226 may be formed
on the top surfaces of the first and third active fins 102 and
106, on the top surface of the 1solation layer pattern 125, and
on the mnner sidewalls of the first and second gate spacers
172 and 176.

In an exemplary embodiment of the present mventive
concept, the first and second interface layer patterns 222 and
226 may not be formed. Additionally, a work function
control layer may be formed between a gate insulation layer
and a gate electrode layer. The work function control layer
may include a metal nitride, for example, titantum nitride,
fitamium aluminum, titanium aluminum nitride, tantalum
nitride, tantalum aluminum nitride, or the like, or an alloy.

The gate electrode layer and the gate insulation layer may
be planarized until the top surface of the first insulating
interlayer 200 may be exposed to form the first and second
gate electrodes 242 and 246, and the first and second gate
insulation layer patterns 232 and 236. In an exemplary
embodiment of the present inventive concept, the planariza-
tion process may be performed by a CMP process and/or an
etch back process.

The first interface layer pattern 222 may be formed on the
top surface of the first active fin 102 exposed by the first
opening 212 1n the first region 1. The first gate insulation
layer pattern 232 may be formed on the first interface layer
pattern 222. An inner sidewall of the first gate spacer 172,
and the first gate electrode 242 may be formed on the first
gate insulation layer pattern 232 to fill a remaining portion
of the first opening 212. Additionally, the second interface
layer pattern 226 may be formed on the top surface of the
third active fin 106 exposed by the second opening 214 in
the fourth region I'V. The second gate insulation layer pattern
236 may be formed on the second interface layer pattern
226. The mnner sidewall of the second gate spacer 176, and
the second gate electrode 246 may be formed on the second
gate msulation layer pattern 236 to fill a remaining portion
of the second opening 214.

The first interface layer pattern 222, the first gate insula-
tion layer pattern 232 and the first gate electrode 242,
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sequentially stacked, may form a first gate structure 252. The
first gate structure 252 and the first source/drain layer 202
adjacent thereto may form a PMOS transistor or an NMOS
transistor. The second intertace layer pattern 226, the second
gate insulation layer pattern 236 and the second gate elec-
trode 246, sequentially stacked, may form a second gate
structure 256.

In an exemplary embodiment of the present inventive
concept, the first gate structure 252 filling the first opening
212 may be formed to extend in the first direction. The
second gate structure 256 filling the second opening 214
may be formed to continuously surround (e.g., surround in

a plan view) the third region III 1n a winding line.
Referring to FIGS. 54 to 56, first and second blocking

layer patterns 262 and 266 may be formed on the first and
second gate structures 252 and 256 and on the first and
second gate spacers 172 and 176, respectively.

The first and second blocking layer patterns 262 and 266
may be formed to include a nitride, for example, silicon
nitride. In an exemplary embodiment of the present inven-
tive concept, the first and second blocking layer patterns 262
and 266 may not be formed.

Referring to FIGS. 57 to 60, a second insulating interlayer
270 may be formed on the first and second blocking layer
patterns 262 and 266 and on the first insulating interlayer
200. Third, fourth, and fifth openings 272, 274, and 276 may
be formed in the first and second insulating interlayers 200
and 270 to expose the first source/drain layers 202, the
second source/drain layers 204, and the second blocking
layer pattern 266, respectively.

In an exemplary embodiment of the present inventive
concept, the fourth opening 274 may expose two neighbor-
ing second source/drain layers 204.

A metal layer may be formed on the exposed first and
second source/drain layers 202 and 204, on the second
blocking layer pattern 266, on sidewalls of the third, fourth
and fifth openings 272, 274 and 276, and on the second
insulating interlayer 270. The metal layer may be annealed
to form first and second metal silicide patterns 282 and 284
on the first and second source/drain layers 202 and 204,
respectively. A portion of the metal layer that does not
chemically react with silicon may be removed.

Referring to FIGS. 61 to 64, first, second and third contact
plugs 294, 296 and 292 may be formed on the first and
second metal silicide patterns 282 and 284 and on the second
blocking layer pattern 266 to fill the third, fourth and fifth
openings 272, 274 and 276, respectively. The first contact
plug 294 may be formed on the second metal silicide pattern
284 to fill the fourth opening 274, the second contact plug
296 may be formed on the second blocking layer pattern 266
to fill the fifth opening 276, and the third contact plug 292
may be formed on the first metal silicide pattern 282 to fill
the third opening 272.

In an exemplary embodiment of the present inventive
concept, the first to third contact plugs 294, 296 and 292 may
be formed by forming a first conductive layer on the first and
second metal silicide patterns 282 and 284, on the second
blocking layer pattern 266, and on the second insulating
interlayer 270 to fill the third to fifth openings 272, 274 and
2776. The first conductive layer may be planarized until a top
surface ol the second insulating interlayer 270 may be
exposed. The first conductive layer may include, {for
example, a metal, a metal nitride, doped polysilicon, or the
like.

Referring to FIG. 63, 1n an exemplary embodiment of the
present inventive concept, the second contact plug 296 may
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be formed in the second blocking layer pattern 266 to
contact the second gate structure 256.

Referring to FIGS. 12 to 16 again, a third insulating
interlayer 300 may be formed on the first to third contact
plugs 294, 296 and 292. The second insulating interlayer
2770, and sixth, seventh and eighth openings may be formed
in the third insulating interlayer 300 to expose the first to
third contact plugs 294, 296 and 292, respectively. First,
second and third vias 314, 316 and 312 may be formed to fill

the sixth to eighth openings, respectively.

A metal plate 320 may be formed on the first to third vias
314, 316 and 312 to complete the semiconductor device.

As 1llustrated above, 1n a method of manufacturing a
semiconductor device i accordance with an exemplary
embodiment of the present inventive concept, the second
and third active fins 104 and 106 may not extend 1n a straight
line. The second and third active fins 104 and 106 may
extend 1n a winding line. Thus a double patterning process
for forming minute patterns may be performed 1n a stable
manner. The second and third active fins 104 and 106 may
be formed in the chip region 1. In addition, the second and
third active fins 104 and 106 may be formed 1n the sealing
region II. Accordingly, a subsequent planarization process
may be easily performed. By using processes substantially
the same as or similar to those for forming the transistor in
the chip region I, the first guard ring 404 and the first
moisture blocking structure 406 may be formed in the
sealing region II.

The above moisture blocking structure and/or the guard
ring, the semiconductor device including the same, and the
method of manufacturing the same may be applied to
various types ol semiconductor devices including minute
patterns having a width equal to or less than about 25 nm and
to methods ol manufacturing the same. For example, a
semiconductor device and a method of manufacturing the
same may be applied to logic devices such as central
processing units (CPUs), main processing units (MPUSs),
application processors (APs), or the like. The method of
manufacturing a blocking structure and/or a guard ring, and
a semiconductor device including the same may be applied
to volatile memory devices such as dynamic random-access
memory (DRAM) or static random-access memory (SRAM)
devices. In addition, the method of manufacturing a block-
ing structure and/or a guard ring, and a semiconductor
device including the same may be applied to non-volatile
memory devices such as flash memory devices, phase
change random-access memory (PRAM) devices, magne-
toresistive random-access memory (MRAM) devices, resis-
tive random-access memory (RRAM) devices, and the like.

In a method of manufacturing the semiconductor device
according to an exemplary embodiment of the present
inventive concept, the active fins might not extend in a
straight line but the active fins may extend in a winding line
in the sealing region, and thus the double patterning process
for forming minute patterns may be stably performed. Addi-
tionally, the active fins may be formed 1n the chip region and
in the sealing region, so a subsequent planarization process
may be performed. By processes substantially the same as or
similar to those for forming the transistor 1n the chip region,
the guard ring and the moisture blocking structure may be
formed 1n the sealing region, and may ground currents, and
prevent moisture and/or crack propagation.

While the mventive concept has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be apparent to those of ordinary skill 1n the
art that various changes in form and detail may be made
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therein without departing from the spirit and scope of the
inventive concept as defined by the following claims.

What 1s claimed 1s:

1. A moisture blocking structure, comprising:

an active fin disposed on a sealing region of a substrate,
the substrate including a chip region and the sealing
region surrounding a periphery of the chip region, the
active fin continuously surrounding the chip region and
having a winding line shape 1n a plan view;

a gate structure covering the active fin and surrounding
the periphery of the chip region; and

a conductive structure disposed on the gate structure, the
conductive structure surrounding the periphery of the
chip region,

wherein the active fin includes:

a plurality of first portions each extending in a first
direction substantially parallel to a top surface of the
substrate, the plurality of first portions being disposed
in a third direction having an acute angle with the first
direction; and

a plurality of second portions each extending in a second
direction substantially parallel to the top surface of the
substrate and substantially perpendicular to the first
direction,

wherein each end of each first portion of the plurality of
first portions 1s connected to an end of a corresponding
second portion of the plurality of second portions.

2. The moisture blocking structure of claim 1, further

comprising a plurality of active {ins,

wherein the gate structure covers two neighboring active
fins of the plurality of active {ins.

3. The moisture blocking structure of claim 2, wherein the
two neighboring active fins are substantially parallel to each
other.

4. The moisture blocking structure of claim 1, wherein the
conductive structure includes

a contact plug disposed on the gate structure, the contact
plug surrounding the periphery of the chip region, and

a via disposed on the contact plug, the via surrounding the
periphery of the chip region.

5. The moisture blocking structure of claim 1, further

comprising:

a plurality of active fins, a plurality of gate structures, and
a plurality of conductive structures; and

a metal layer disposed on the plurality of conductive
structures.

6. The moisture blocking structure of claim 1, further
comprising a blocking layer pattern disposed between the
gate structure and the conductive structure, the blocking
layer pattern including an insulating material.

7. A semiconductor device, comprising:

a substrate having a first region and a second region,
wherein the second region 1s disposed around the first
region;

a first active fin disposed on the first region, a second
active fin disposed on the second region, and a third
active fin disposed on the second region, wherein the
second active fin forms a closed loop around the first
region, and the third active fin forms a closed loop
around the second active fin;

a 1irst conductive structure disposed on the second active
fin, wherein the first conductive structure forms a
closed loop around the first region;

a first gate structure covering the third active fin, a second
conductive structure disposed on the first gate structure,
wherein the first gate structure forms a closed loop
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around the second active fin, and the second conductive
structure forms a closed loop around the second active
{in.

8. The semiconductor device of claim 7, further compris-
ing a fourth active fin disposed between the second and third
active fins, the fourth active fin forming a closed loop around
the second active fin, and a fifth active fin disposed on the
second region of the substrate, the fifth active {in forming a
closed loop around the third active fin,

wherein the first conductive structure covers the second

and fourth active fins, and the second conductive struc-
ture covers the third and fifth active fins.

9. The semiconductor device of claim 7, wherein the
second and third active fins each includes a curved or zigzag
portion.

10. The semiconductor device of claim 7, further com-
prising a second gate structure including a first gate 1nsula-
tion layer pattern and a first gate electrode sequentially
stacked on the first active fin.

11. The semiconductor device of claim 7, wherein the first
conductive structure includes a first contact plug disposed on
the second active {in, the first contact plug forming a closed
loop around the first region, and

a first via disposed on the first contact plug, the first via

forming a closed loop around the first region, and

wherein the second conductive structure includes a sec-

ond contact plug disposed on the first gate structure, the

second contact plug forming a closed loop around the

second active fin, and

a second via disposed on the second contact plug, the
second via forming a closed loop around the second
active fin.

12. The semiconductor device of claim 7, further com-
prising a plurality of second active fins,

wherein each of first and second ones of the plurality of

second active fins have concave portions and convex
portions,

and wherein the concave portions of the first one of the

plurality of second active fins face the convex portions
of the second one of the plurality of second active fins,
respectively, and the convex portions of the first one of
the plurality of second active fins face the concave
portions of the second one of the plurality of second
active fins, respectively.

13. The semiconductor device of claim 7, further com-
prising a plurality of third active fins,

wherein each of first and second ones of the plurality of

third active fins have concave portions and convex
portions,

and wherein the concave portions of the first one of the

plurality of third active fins face the convex portions of
the second one of the plurality of third active fins,
respectively, and the convex portions of the first one of
the plurality of third active fins face the concave
portions ol the second one of the plurality of third
active fins, respectively.

14. The semiconductor device of claim 7, further com-
prising a plurality of first active fins,

wherein each of the first active fins extend 1n the same

direction.

15. The moisture blocking structure of claim 1, further
comprising a plurality of active {ins,

wherein each of first and second ones of the plurality of

active fins have concave portions and convex portions,
and wherein the concave portions of the first one of the
plurality of active fins face the convex portions of the
second one of the plurality of active fins, respectively,
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and the convex portions of the first one of the plurality
of active fins face the concave portions of the second
one of the plurality of active fins, respectively.
16. The moisture blocking structure of claim 1, wherein
the active fin 1s a first active fin,
and wherein the semiconductor device further includes a

plurality of second active fins disposed on the chip
region of the substrate, each of the second active fins

extending 1n a fourth direction.

17. The moisture blocking structure of claim 16, wherein

the gate structure 1s a first gate structure,

and wherein the semiconductor device further includes a
second gate structure on the chip region of the sub-
strate, the second gate structure extending in a {fifth
direction substantially perpendicular to the {fourth
direction.

18. A semiconductor device, comprising:

a substrate having a first region and a second region,
wherein the second region 1s disposed around the first
region;

a first active fin disposed on the second region and a
second active fin disposed on the second region,
wherein the first active fin forms a closed loop around
the first region, and the second active fin forms a closed
loop around the first active fin;
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a first conductive structure disposed on the first active fin,
wherein the first conductive structure forms a closed
loop around the first region; and

a first gate structure covering the second active fin, a
second conductive structure disposed on the first gate
structure, wherein the first gate structure forms a closed
loop around the first active fin, and the second conduc-
tive structure forms a closed loop around the first active
{in.

19. The semiconductor device of claim 18, further com-
prising a third active fin disposed between the first and
second active fins, the third active fin forming a closed loop
around the first active fin, and a fourth active fin disposed on
the second region of the substrate, the fourth active fin
forming a closed loop around the second active fin,

wherein the first conductive structure covers the first and
third active fins, and the second conductive structure
covers the second and fourth active fins.

20. The semiconductor device of claam 18, further com-

20 prising:

a fifth active fin on the first region of the substrate; and

a second gate structure including a first gate insulation
layer pattern and a first gate electrode sequentially
stacked on the fifth active fin.
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